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Abstract 
This article was devoted to an overall estimation of the economic inefficiency of the sample of vegetable growing farms in 
Uzbekistan. Because our analysis is based at the farming system level, we have been able to estimate the allocative (price) 
inefficiency of vegetable producers. Another significant finding of this study is that we have shown the economic 
inefficiency of each input under consideration. We have also applied a technique that calculates shadow prices of land and 
labor (for which no price information was available) using existing price information for diesel input under existing 
production inefficiencies. We found relatively large inefficiencies in the production of vegetables, both technical and 
allocative, whereas technical inefficiency played a relatively major role in overall inefficiency. As the model’s results 
show, seed is economically the most inefficiently used input in producing vegetables. We found a possible cost savings if 
farms followed best-practice farm groups, which were used for the construction of frontier. 
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1. Introduction 
Uzbekistan has a favorable agro-climatic condition that is suitable for the production of a variety of 
vegetable crops and fruits, famous in Central Asia (CA) and abroad. While cotton has been the main 
agricultural crop since the last century in Uzbekistan, the country is also a significant producer and supplier of 
vegetables to other parts of the Former Soviet Union [FSU] (Djalalov, 2006 and Azimov, 2006). Following 
independence of the country in 1991, Uzbekistan’s external market affairs with other FSU countries collapsed. 
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This, and other factors, such as environmental degradation (e.g. water scarcity, increased soil salinity) and the 
state led grain policy, greatly influenced the cropping pattern. Uzbekistan lost its previous vegetable 
production volume, which was sustained because the state quota was given to the large state and collective 
farms. Vegetable yields also went down in the initial years of independence, illustrating a similar trend with 
other FSU countries. There are also other obstacles associated with the decrease of vegetable productivity. 
Abbasov, 2005 stated that some of the constraints for production include the insufficient supply of organic 
fertilizers, fuels and plant protection technologies. Buriev et al., 2005 listed other relevant factors that 
adversely affected vegetable yields, including limited access to irrigation water, the use of obsolete 
technologies and inadequate mechanization. Olimjanov and Mamarasulov, 2005 linked low vegetable 
productivity with the existing poor functioning institutions, emphasizing that the fall in vegetable production 
led to the decrease in the consumption of vegetables and caused nutrition deficiencies among the rural and 
urban population, whose vegetable consumption amounts were below the set norms. The decline also 
overlapped with policies related to agriculture (e.g., price control, subsidized credit and low priced irrigation 
provision). Some policies were directly related to institutional reforms, such as land reforms and farm 
restructuring. Since the vegetable sector enjoys the best prospects for attracting foreign investment and also 
because of food security reasons at the national level, the state is keen in the development of the profitable and 
competitive vegetable sector. Thus, it is interested in improving the competitiveness of vegetable farms. It is 
noted that, over the two decades after independence, the prices of vegetable crops increased, but more notably, 
the prices of resource endowments increased more relative to the prices of vegetables. Because of existing 
state quotas, input prices were only partially liberalized. It should be mentioned that partial liberalization leads 
to decreases in allocative efficiency (AE), because of resource diversions (Murphy et al., 1992). It should be 
noted that inputs for strategic crops were delivered by state owned organizations, while farmers who grew 
other crops had to buy the same inputs on the market for higher prices. This is a major cause for the existence 
of allocative inefficiency (AI) in crop production (refer to the price theory for further discussion). Taking this 
into account, the goal of this study is set to conduct an economic efficiency (EE) of vegetable growing farms 
(VGFs) in Uzbekistan. Measurements of EE reflect the ability of producers to achieve both technical 
efficiency (TE) and AE (cost minimization). Efficiency analysis is based on VGFs, because cost information 
only exists for VGFs that are free in their farm operations, in comparison to cotton and grain producers. 
Efficiency scores are calculated at the vegetable farming level (VFL), because the objective of this study is to 
see TE and AE at the farm system level, not at the crop specific plot level. Because of this objective, the 
homogenous output level is constructed for each VGF by valuing vegetable production in monetary terms. 
Because of the utilized technique (i.e., duality), the term ‘technical inefficiency’ (e.g. TI) rather than 
‘efficiency’ (e.g. TE) is appropriate and used in the study. The methodology introduced in this study allows 
for the derivation of the shadow prices of inputs, such as land, labor and other inputs. The important thing is 
that these shadow prices are obtained under the existence of production inefficiencies in vegetable production 
which permits farms to function below the full TE level. Moreover, the implicit prices derived in this study 
may be helpful to the continuing discussion on land and labor reforms in the country.  
2. Methodology 
2.1. Empirical model specification of economic inefficiency  
We employ the directional input distance function (DIDF) model, because of its flexibility in the 
estimation. Our approach is non-parametric, which uses the data envelopment analysis (DEA) technique. It   
measures the directional distance between each observation and the relevant frontier. AI is calculated by 
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solving the mathematical programming problems that estimate TI and EI. With this in mind, we run the 
following linear programming model:  
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       K is a sample of the VGFs and y and x are the observed output and input vectors for each VGF, 
respectively. Input prices are denoted with the \ . kJ  is the intensity variable ang g is the directional vector. 
We know that the duality between the distance and cost functions permit an additive EI decomposition. Since 
AI is derived as a leftover, after subtracting TI from the calculated EI, we need to obtain TI, which requires 
running a linear mathematical programming problem, such as:  
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Here, the intensity variable is denoted with k[  . This mathematical setting assumes variable returns to scale 
(VRS) production technology. Since scale inefficiency (SI) also needs to be calculated, Eq. (2) must be 
computed under the constant returns to scale (CRS) production technology. The CRS is imposed easily by 
removing the 
1
1
K
k
k
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 ¦ constraint. After obtaining results of fewer than two production technologies, SI can 
be calculated using the mathematical formula specified in Eq. (3).  
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Where ( , , ) 0xSI y x g
o t . Here, ( , , )CRS xD y x g
o  is TI under CRS, while ( , , )VRS xD y x g
o  is TI under 
VRS. Färe and Grosskopf, 2005  stated that ( ) ( )VRS CRSL y L y if ( , , ) 0xSI y x g
o  , as such, the VGF is 
considered  scale efficient. If ( , , ) 0xSI y x g
o , the VGF is scale inefficient.  
 
2.2 Empirical model specification of the shadow price  
 
We employ a parametric method to build a differentiable frontier (via duality) to derive the input shadow 
prices expressed in Eq. (4).  
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Here, jw  is the observed input price of the j input and lw is the unknown shadow price of input l. The 
shadow price ratio reveals each input’s relative value that is equal to the matching marginal performance ratio. 
If the price of one of the inputs is known, then it is also possible to recover the price of the other unknown 
inputs (Färe et al., 2001). If the jth input price is known, with the assumption that the shadow price j input is 
equal to its observed price, the lth input price can be derived from the following mathematical formulation. We 
do not have prices for some of the inputs (e.g. labor and land) and cost information for others (e.g., seed costs, 
fertilizer costs, and other expenses). Output is also at the aggregated level. Parameterization requires a 
functional form specification for the underlying technology. We have to choose such a functional form so that 
the axiomatic properties of the DIDF must be satisfied and parameterization must enable the marginal effects 
computation. Additionally, the estimated parameters must be linear. This only provides a limited choice of 
functional forms. Aigner and Chu, 1968 recommended the quadratic form, while Färe and Lundberg, 2005 had 
proven that it is the one that satisfies the translation property. Färe et al., 2008 and Färe and Grosskopf, 2010 
applied the Monte Carlo simulations to illustrate the advantages of the quadratic directional distance function 
(QDIDF) in comparison to the other forms (e.g., translog).  Based on that, we employ the quadratic functional 
form to estimate a DIDF that satisfies all the mentioned conditions. We now need to define the directional 
vector. Here, the study takes the directional vector that is equal to one, which leads to a unit reduction in 
inputs. This makes the maintenance of the same output level possible. The generalized QDIDF can be written 
as: 
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  As mentioned, we follow the recommended approach by Aigner and Chu, 1968 that permits the imposition 
of the parametric restrictions on the functional form that we choose. We can estimate the QDIDF as a 
restricted linear programming model. The optimal values for 
0 ' ', , , ,ss q qqD D E E and sqG are obtained by 
minimizing the Eq. (6) subject to certain constraints and properties listed in Eqs. (7) through (12). 
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Non-negative input utilization on the frontier:
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         Once we estimate the model, the shadow prices of the inputs can be derived using the envelope theorem. 
Given the DIDF’s parameter estimates and the observed input price of j, l input’s shadow price is found using 
the following formula: 
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3. Data Description 
We have used a cross-sectional data obtained from crop producing farms located in the Khorezm and 
Fergana provinces of Uzbekistan. A quantitative and qualitative questionnaire was used in interviewing 
selected individual farms, recalling input-output data related to crop production in the agricultural season of 
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2007-2008. A multistage sampling was employed in the selection of survey respondents. The final input – 
output data included 243 vegetable growing farms. Our model comprises of one output variable and six input 
variables. The aggregate farm output value is utilized as the ‘output’ measure. The VGFs price their output 
quantities at market prices. Consequently, the valued output variable provides efficiency scores which take 
into account the quality of the output and market imperfections. The input variables which had information on 
the physical quantities were land and diesel. We also calculated the labor quantities based on prior information 
obtained from the VGFs during the survey. Labor is expressed in person-days of work per ha. We set one 
person-day equal to 8 hours per day. Land is measured in ha of cultivated land. Diesel is used as a proxy for 
the fuel input resource and expressed in kg. Out of these three input variables, farmers were only able to report 
their diesel prices. For other inputs, such as fertilizer and seeds, farmers could sometimes report the physical 
quantities of the inputs, prices or input costs. Thus, we measured them in value terms. “Other expenses” is an 
aggregated variable that consisted of the sum of expenses on Water User Associations (WUAs), chemicals 
(other than chemical fertilizers), organic manure and machinery services, all measured in monetary values. By 
doing so, we avoided missing cases and losing some of the VGFs in the analysis. 
 
Since we had to use the input resource cost, rather than the input price information, their prices are assumed 
to be unity in the model specification (Singbo and Lansink, 2010). By that, we escaped from the problem of 
incomplete information in our model formulation. We used a linear aggregator to combine all inputs and 
outputs. As we measured output and some of the inputs, such as fertilizer, seeds and other expenses in 
monetary values, we took into account the quality differences among outputs and inputs. The average 
vegetable grown area (VGA) is 1.15 ha and ranges between 0.10 ha and 4.6 ha. Vegetable output value per ha 
is 7770 thousand UZS and ranges between 1280 thousand UZS and 8030 thousand UZS. There is only one 
input variable (diesel) which has the observed price information. We use this to derive the shadow prices of 
other agricultural inputs, such as land and labor. Although the range of diesel prices is between 500 UZS and 
592 UZS, the standard deviation is very low. The average reported diesel price for the Khorezm province in 
our sample is 541 UZS, while it is equal to 533 UZS in the province of the Fergana.  
4. Empirical findings 
4.1. Results from the Economic Inefficiency Model 
    As mentioned previously, the cost function and the DIDF were employed to meet the objectives of the 
study. We used the duality between these functions to derive measures of EI, TI, AI, and SI indicators for 
VGFs. It is worth being reminded that the values of the inefficiency indicators that are equal to zero describe 
fully efficient VGFs. The value above zero signifies the existence of some degree of inefficiency in the VFL. 
In other words, VGFs with zero inefficiency scores are located on the frontier line (the best-practice VGFs) 
and serve as a reference group for other VGFs that are not located in this frontier line. The results described in 
Table 1 illustrate that the mean of the EI and the normalized difference between the maximum and actual 
costs is equal to 0.61. This principally illustrates high levels of EI at VFL. For instance, only 7 out of 243 
VGFs were fully economically efficient (EI=0) in the given sample. These efficient VGFs spent 32% less on 
inputs than the ones which had some degree of EI. The range of EI levels was between 0.01 and 0.98. Hence, 
it can be observed that TI and AI played an important role in determining EI at VFL. The AI indicator formed 
44% of the EI. This result signals to the fact that input resource allocation decisions lacked the cost 
minimizing behavior in a large number of VGFs in the given sample. The arithmetic mean of TI at VFL is 
equal to 0.34. The results indicate huge gains from efficiency improvements among VGFs. For example, 
average VGFs could reduce input resources by 34% and still be able to reach the current output levels under 
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the VRS. This result suggests that there is a significant amount of input cost savings, which can be used for 
other purposes (i.e., investments in new technology, purchasing quality seeds, etc.). On average, VGFs were
found to be scale efficient in 63 out of 243 cases. The arithmetic mean of the SIE was 0.07, which indicates
that the scale effect on the EI was at a lesser extent compared to TI and AI.
Table 1. Summary of the Results from the Economic Inefficiency Model
Where there was SI, in 49% of cases, it was due to decreasing returns to scale (49%) followed by IRS
(26%) and CRS (25%). Since the overall SI is very low, it is difficult to formulate policy implications just by 
looking at increasing or decreasing returns to scale indicators. One big advantage of the current methodology
is it is also possible to calculate the EI for each input used in the vegetable production process. Figure 1
illustrates the EI of the input resource under variable and CRS technologies. Under the VRS technology, the
largest contributor to EI is seeds, while it is the ‘other expenses’ variable in the case of the CRS. This suggests
that the ‘seeds’ variable is largely influenced by the problems related to the farmer.
Figure 1: Economic Inefficiency of each input (VRS and CRS Technologies)
These problems could be related to the application of poor quality seeds, usage of obsolete technologies,
incorrect seeding norms and mismanagement of seedling process. All these lead to an over or under utilization 
of seeds. Since CRS technology also includes scale effects, farmers are less economically inefficient on larger
land areas. We also notice that, because of the scale effects, the EI of fertilizer and ‘other expenses’ is larger 
under the CRS technology. It is also interesting to observe that the EI of diesel is the same under both 
technologies. This is, however, very sample specific and could be larger or smaller in other cases.
4.2. Results from the Shadow Price Model
We had difficulty in obtaining labor prices during the survey. Moreover, since there is no land market in
the country, it was also impossible to obtain land prices. Thus, one of the objectives of this study was to
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derive the shadow prices for the resource endowments (land and labor) used in vegetable production, taking
into account the possible inefficiencies at the VFL. For that, we utilized the comprehensive approach 
developed in the methodological part and estimated a QDIDF model. It is possible to derive the price that 
would induce a cost minimizing farmer to choose the amount of land and labor actually used. Since the
farmers are assumed to be cost-minimizers, the only disadvantage is the disparity between market prices and
the farmers’ true opportunity costs. We note that our utilized approach used to derive shadow prices is still
better than assuming an arbitrary price for land and labor. 
Table 2. Model Parameter Estimates
We imposed several constraints, including monotonicity, homogeneity, and symmetry, on our empirical
model and estimated the QDIDF, of which the results are illustrated in Table 2. Although this table is
statistically not very in-formative, as is the case in all non-econometric models, we can still observe the well
behaving QDIDF model. Moreover, these results allow for the deriving of the shadow price of land (SPLAN)
and shadow price of labor (SPLAB) for each VGF. The SPLAN can be described as the empirically estimated
shadow value for per ha of agricultural land in which the farmer cultivates vegetable crops over a given
agricultural year or season. Here, ‘shadow’ refers to the input resource price that is not directly observed in 
the local or provincial market, and also reflects the relative scarcity, given the resource constraints. The
agricultural land used by the farmer belongs to the government. A farming entity leases it from the
government and obtains the user rights. Farmer pays land tax, depending on the type of crop grown and the
attributes of the land. Since there exists no land market for farming entities in the country, the model results
could serve as a benchmark for valuing agricultural land for policy-making and project appraisal purposes. As
can be seen from the model results, on average, SPLAN under the current economic situation equals to
6,470,000 UZS ha-1 for average VGF, that is approximately equal to 5135 USD. We can also obtain the 
SPLAB per person-day. We find that it is equal to 395 UZS per person-day, or approximately 0.31 USD, on 
average. Additionally, the results of this study show that the shadow prices differ among the sampled farms.
The developing country literature also provides evidence of the differing shadow prices of input resources
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(e.g. Picazo – Tadeo and Reig Martinez, 2005). Moreover, the SPLAB obtained from the model are much 
lower than the market wage observed in the local market. It signals the fact of existing market imperfections 
in the observed system. Following Osborne and Trueblood, 2006, we used these shadow prices in the non-
parametric model to provide further insights. We note that by calculating the efficient cost shares, it is 
possible to discuss some issues related to input markets. We find that all utilized resource endowments 
contribute to AI by signaling the poor functioning input markets. This study illustrates that most of the 
allocatively inefficient farms (who had AI scores of 0.41 and above) had their largest cost shares among seed 
inputs (Table 3). These cost shares were less than those observed and the optimal cost shares, as well as the 
larger than cost shares, of allocatively efficient farms (who have AI scores up to 0.40). This infers that 
farmers acquired more than the efficient amounts of seeds compared to other factors of production. During the 
survey, we noticed that seeds could be exchanged to other resource endowments or paid-in-kind for hired 
labor. Diesel also has a relatively high cost share among the inputs after the seeds. What is interesting in this 
context is that allocatively more efficient farms had larger cost shares than most inefficient farms. However, 
the high cost share of diesel indicated by the low AI score did not signal the increase in productivity with an 
increase in fuel consumption. Since we know that AI is more about the cost minimizing mix of inputs, here, it 
is suggesting possible savings by a reduction in other inputs more than diesel. By comparing observed and 
optimal cost shares, we can conclude that farmers’ expenses related to fertilizer, labor and other expenses are 
closer to the optimal cost shares, while differences between them in land, seeds and diesel inputs suggests 
some distortions.  
 
Table 3. Comparison of Observed Cost Shares with Optimal Cost Shares and Between the Allocatively Most 
and Least Efficient Farms. 
Land Seeds Diesel Fertilizer Labor Other Expenses
Observed cost shares 0.004 0.69 0.15 0.06 0.05 0.04
Optimal cost Share 0.01 0.55 0.23 0.09 0.08 0.04
AI : 0.00-0.40 0.01 0.56 0.21 0.09 0.07 0.05
AI: 0.41-above 0.002 0.82 0.09 0.04 0.03 0.03  
5. Conclusion 
      Overall, the results point out that the extent of the economic stimulus and success in the resource 
allocation in the FVL differ significantly among VGFs. We find that it is possible for the producers to 
substantially reduce input costs and quantities and still be able to produce at the current output levels. As the 
model estimates show, VGFs were not able to allot their resources optimally in the cost minimizing sense. 
This implies that all producers struggled to attain optimum input–output mixes. Because of flexibility of the 
applied method, we were able to estimate the overall inefficiency of each input for which price information 
exists. The results indicate that the seeds are the most inefficiently used inputs, with an overall inefficiency 
score of 0.68. In general we found that all inputs had some degree of overall inefficiency in vegetable 
production. In the second empirical study, we derived the shadow prices of land and labor in the existence of 
production inefficiencies. The new intensification strategy should be directed toward the non-traditional 
means of production and easy access to market information. It is also important that more attention should be 
directed towards improving the efficiency and technical skills of the agricultural service organizations and the 
development of extension services. It is believed that these organizations will help farmers to adopt technical 
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innovations with a likely impact on labor and land productivity. The strategy of the externalization of many 
growing tasks will further improve the efficiency of farming systems when the scale of operations is increased 
further. Finally, the results of this study are in accordance with the OECD’s (OECD, 2008) policy 
recommendations for developing countries, which states that agricultural production can be further increased 
through suitable technology and management techniques applied to farms, resources and agricultural land.  
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